Substitution reactions of transition metal complexes are of fundamental importance to the understanding of many chemical and biological processes since they usually occur at the crucial point where the metal center exhibits its catalytic activity. The ability of metal complexes to bind additional ligands or to exchange their ligands according to well defined routes has stimulated many systematic studies of the mechanisms of such processes. In the past, such studies usually involved the application of conventional kinetic techniques which included systematic measurements of the concentration, ionic strength, solvent, pH and temperature dependence of such processes. Over the past decade, instrumentation has been developed that now enable kineticists to study the pressure dependence of such processes by adding an additional physical parameter to the kinetic variables. As will be shown in this contribution, ligand substitution reactions exhibit very characteristic pressure dependences such that pressure has become a reliable mechanistic indicator for such processes. 
The mechanistic assignment for processes in which no major solvational changes occur are, infact, straightforward, since bond formation should result in negative a V * i n t r and bond breakage in a positive one. In reactions with large polarity changes, B V~S C ,~~ may be larger than AV'intr, and it can in fact counteract and swamp the aV'intr term. For most of the examples discussed in this paper this is not the case, and & V e x p mainly represents .-V' i n t r .
The pressure range adopted for such measurements goes up to 200 to 300 MPa (i.e. 2 to 3 kbar). The rapid increase in activity in this area of research is partly due to the successful development of instrumentation that enables us to perform the kinetic measurements at elevated pressures on a milli-(stopped-flow), micro-(T-jump and NMR), nanoand picosecond (pulsed laser flash photolysis) time-scale . 4 These techniques have been applied to numerous substitution reactions of metal complexes, of which typical examples will be treated in more detail. SOLVE NT-EXCH A N G E REACT10 N S Many solvent-exchange reactions on metal complexes have been studied in recent years using high-pressure, high-resolution NMR techniques.6'7 For these reactions no major change in electrostriction is given by the intrinsic contribution. The volume changes associated with the various possible substitution mechanisms are schematically presented in Figure   4 .
A continuous spectrum of transition state configurations can be envisaged, ranging from very compact with a large negative 4 V I value to very expanded with a large positive AVI value. Typical results for solvent exchange on high spin first row divalent transition metal ions (Table I) indicate a definite trend across the series. The nV# data indicate that the mechanism progressively changes from Ia for the early elements to Id for the later ones, and can be explained by the progressive filling of the d orbitals and the decrease in the ionic radii along the series. The small positive aV# found for DMF exchange on Mn2+ inicates that steric hindrance on the hexasolvates prevents the associative substitution mode even for the largest metal center in this Table 11 . The higher reactivity of the hydroxo complexes is accompanied by a more dissociative character (more positive a W ) , i.e. a trans-labilization effect of the hydroxy ligand.
LIGAND SUBSTITUTION REACTIONS
Many substitution reactions are non-symmetrical, i.e. the reactant and product species are different, and the overall reaction volume is usually not zero. However, mechanistic similarities are expected to occur for ligand substitution as compared to solvent-exchange reactions. A summary of the data available for complex formation reactions of divalent first-row transition metal elements (Table III) , clearly For ligand exchange and substitution reactions of square planar d8 metal complexes it is generally assumed that substitution follows an A A fundamental question that has often been raised in the literature concerns the possibility to force such reactions to proceed via a dissociative mechanism by increasing the steric hindrance on the non-exchanging ligands. The data in Table IV nicely demonstrate that the introduction of steric hindrance on the dien ligand decreases the aquation rate constant by up to six orders of magnitude, but does not affect the nature of the substitution mechanism as evidenced by the significantly negative a S and fiV* values throughout the series of complexes. A similar result was obtained for water-exchange on complexes of the type Pd(Rsdien)HzOZ+.' From these results it can be concluded that steric hindrance alone cannot cause a changeover in mechanism for ligand substitution reactions of square planar complexes. Recent reports14 have, however, indicated that a changeover in mechanism can be achieved via electronic effects, for instance translabilization of the Pt-C bond can induce a dissociative ligand exchange process.13 Table IV Kinetic data for a series of ring-closure reactions k n ) are summar in Table V , from which it follows that kn can vary by nine orders .zed of magitude depending on the nature of N N. The highly structured ligand 1,10-phenanthroline undergoes rapid ring-closure for which kr exhibits different pressure dependences depending on M (see Figure 5 ) . In contrast, ethylenediamine is free to move and ring-closes very slowly in an associative way according to the eV0 data in Table V . It follows that the larger metal centers Mo and W can undergo associative ringclosure, whereas the smaller metal center Cr undergoes dissociative 
